that vaccine development against S. aureus has always failed at the stage of clinical trials 4 . Although the mechanisms underlying this situation are still being unravelled, protein A, which is located on the surface of S. aureus cells, is believed to have a key role. Protein A contains repetitive sequences consisting of two parts: one binds to the Fc (constant) part of human antibodies and the other binds to the Fab (variable) antibody region. This Fab-region binding is 'superantigenic' , meaning that it is nonspecific and has excessive potential to stimulate immune responses 5 . Binding of protein A to the Fc region was reported many years ago 6 and results in what has been called a 'camouflage coat' of nonspecific antibodies on the S. aureus surface that prevents binding of specific antibodies and thus a targeted immune response. Pauli et al. 3 now show that the superantigenic binding of protein A to the Fab domain is so overwhelming that it strongly hampers the production of antibodies to other S. aureus antigens (Fig. 1) .
To reach this conclusion, the authors characterized the antigen specificity of plasmablasts -an immature form of plasma B cells that are produced only during infections and that play a crucial part in active immune responsesin large cohorts of people with and without S. aureus infections. They found that, in principle, nothing was wrong with the plasmablast response in the infected individuals, inasmuch as the cells underwent normal maturation on exposure to S. aureus antigens. However, when the investigators isolated the antibody-encoding genes of the responding plasmablasts, they found that almost all targeted protein A, and very few were specific for other S. aureus toxins or cell-surface virulence determinants. On the basis of these results, Pauli et al. propose that the superantigenic action of protein A prevents the production of specific and effective antibodies to other S. aureus antigens.
Unfortunately, mouse models cannot be used to substantiate this proposal, because the murine immune response differs considerably in details of adaptive immunity that matter in this case 7 . However, it has been shown in a mouse model that protein A contributes significantly to immune evasion 8 and that mono clonal antibodies against protein A neutralize the Fc-binding and Fab-binding activities of protein A 9 . These studies suggest that protein A would be a valuable target for the development of vaccines against S. aureus. However, it is commonly thought that a successful S. aureus vaccine will need to be multivalent -in other words, it will need to target several of the many molecules that the bacterium uses for virulence and immune evasion. For example, the vaccine should also include strategies to address the fact that S. aureus produces several toxins that can circumvent immune elimination even when specific antibody responses are mounted 10 . Pauli and colleagues' findings suggest that, by 
he ultimate aim of most cells is to become two cells 1 , through a celldivision process that occurs following phases of cell growth and chromosome duplication. Cell division requires the ordered assembly, disassembly and reorganization of numerous cellular components. These structural rearrangements are coordinated by kinase and phosphatase enzymes, which regulate proteins by attaching phosphate molecules or removing them, respectively. Many proteins are phosphorylated during early cell division, and most are dephosphorylated again at the exit from division, but it is unclear how the phosphatases involved in this process are regulated. In this issue, Grallert et al. 2 (page 94) show that the end of cell division in fission yeast (Schizosaccharomyces pombe) is driven by three phosphatases that are organized in a relay, whereby one enzyme sequentially activates another.
During the first part of cell division, called mitosis, chromosomes from each chromosome pair are pulled towards opposite poles of the cell, culminating in the formation of two separate nuclei. The ensuing cytoplasmic division generates two daughter cells. Work over the past two decades 3 has revealed that, in budding yeast, the phosphatase Cdc14 opposes the activity of Cdk1 kinase, the master regulator of mitosis. However, this mitotic function of Cdc14 is not evolutionarily conserved in fission yeast and animals. Instead, complexes of protein phosphatases 1 (PP1) and 2A (PP2A) have emerged as key regulators of the exit from mitosis in these organisms 3 . Grallert and colleagues report that PP1 and PP2A are largely inactive at the beginning of mitosis in fission yeast. PP1 inactivity comes about because it is phosphorylated by Cdk1, which not only reduces the phosphatase's activity, but also promotes its degradation. The authors did not investigate the mechanism underlying the low PP2A activity in early mitosis. However, they did examine how these phosphatases are activated at mitotic exit, and uncovered an unexpected regulatory cascade (Fig. 1) .
PP2A complexes comprise a catalytic and scaffolding subunit and a regulatory B subunit. The researchers discovered unanticipated docking sites for PP1 on two PP2A complexes that have structurally unrelated B subunits -B55 and B56. They found that, just before the start of chromosome separation, when Cdk1 becomes inactive, PP2A-B55-associated PP1 removes its own inhibitory phosphate group and then activates and releases the PP2A-B55 to which it is bound. Subsequently, PP2A-B55 removes a phosphate group from the PP1-binding site on PP2A-B56. The efficient dephosphorylation of this site is delayed, however, because PP2A-B55 activity is counteracted by an opposing kinase, Plk1. When Plk1 is inactivated in late mitosis, the B56 subunit is efficiently dephosphorylated and PP1 binds, resulting in the activation of PP2A-B56 and its release from PP1. Grallert and co-workers provide evidence that interference with this regulatory cascade causes chromosome-segregation defects, highlighting its importance for cell division.
These findings raise exciting questions. What are the mechanisms by which the relaycontrolled pool of PP2A-B55 and PP2A-B56 is inactivated during early mitosis, and exactly how are these complexes activated in late mitosis? Because PP1 is implicated in the activation process, it seems likely that these mitotic PP2A complexes are activated by dephosphorylation of their B subunits 4 , but the authors did not define the sites at which these modifications occur. Studies in other model organisms 5 indicate that mitotic PP2A can be restrained by inhibitory proteins that are removed by dephosphorylation at mitotic exit, but it is not known whether this applies to fission yeast.
How can the B55 and B56 subunits form a complex with PP1, given that their PP1-binding sites are buried deep in the hydrophobic core of well-folded protein domains 6 ? With the structural data available 6 , it is difficult to envisage how this can be achieved without disrupting the folding of the B subunits. The authors speculate that B55 and B56 can adopt alternative conformations that expose their PP1-binding sites. Some proteins are indeed known to undergo substantial conformational changes following ligand binding 7, 8 , but it is unclear whether this also applies to the PP1-PP2A-B55 and PP1-PP2A-B56 interactions. Furthermore, given the strong associations between PP1 and the PP2A complexes, it is somewhat counterintuitive that PP2A activation coincides with dissociation from PP1. How is this achieved? One possibility is that PP1 release occurs because of a reversal of the conformational change in B55 or B56, burying the PP1-binding sites in the hydrophobic core once again.
The elegance of the reported phosphatase relay is that it functions as a timer for the orderly dephosphorylation of proteins at the end of division. The cascade may be evolutionarily conserved, because Grallert and colleagues demonstrated that PP1 and PP2A-B56 can also interact in human cells. The relay affects only part of the cellular pool of PP1 and PP2A, explaining why other sources of these phosphatases fulfil independent functions throughout cell division 5 . In fact, recent data 9 hint at the existence of another relay system, which controls a cell-division step that occurs before chromosome separation, and which involves the recruitment of a chromosome-associated pool of PP1 by PP2A-B56. In animals, an additional layer of regulation of phosphatase relays may come from 'scaffolding' proteins that bind and coordinate local pools of both PP1 and PP2A 5 2 report that during early mitosis, the kinase enzyme Cdk1 adds a phosphate group (P) to PP1, a phosphatase enzyme, thereby inactivating it. Active and inactive phosphatases are indicated by an open (half circle) or closed catalytic site, respectively. Cdk1 is inactivated just before the beginning of chromosome separation, causing PP1 that is bound by another phosphatase, PP2A-B55, to dephosphorylate and activate both itself and the bound PP2A-B55. Subsequently, PP2A-B55 dephosphorylates an amino-acid residue in the B56 subunit of PP2A-B56 phosphatase. This dephosphorylation is inefficient during chromosome separation, because Plk1 kinase opposes the action of PP2A-B55. At the end of chromosome separation, Plk1 is inactivated, and the resulting efficient dephosphorylation of B56 enables this subunit to recruit PP1, which subsequently activates PP2A-B56. Activation of the PP2A phosphatases results in their dissociation from PP1.
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ata from ice cores drilled on Greenland in the 1980s revealed alternating warm (interstadial) and cold (stadial) intervals embedded within the last glacial period 1 , which occurred from about 70,000 to 17,000 years ago. Subsequent studies suggested that these millennial-scale climate variations were linked to changes in the formation and export of deep water in the North Atlantic 2 , which is associated with ocean transport of heat to high northern latitudes. Three modes of circulation of deep water were identified and correlated to climate regimes 3 . These modes include: formation and flow of North Atlantic Deep Water, the dominant water mass in the Atlantic, during interstadials; a slower, shallower circulation system during stadial events; and a shutdown of North Atlantic Deep Water formation during extreme cooling and ice-rafting events known as Heinrich stadials (Fig. 1) . On page 73 of this issue, Böhm et al. 4 present high-resolution data sets of ocean palaeocirculation that call into question the existence of three distinct modes and challenge our understanding of the coupling between climate and ocean circulation on millennial timescales.
The concept of multiple modes of ocean circulation during the last glacial period developed from nutrient-based proxy data, such as
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High-resolution data on ocean circulation during the last glacial cycle suggest that the formation of North Atlantic Deep Water and associated heat transport may be more stable than previously thought. See Letter p.73
